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(54) SIGNAL RECORDING/REPRODUCTION APPARATUS AND METHOD OF CHANGING ERROR 
RECOVERY PROCESS EXECUTION SEQUENCE 

(57) The present invention relates to efficient execu- 
tion of signal read error recovery processing in a signal 
recording and regenerating apparatus. A; table is used 
to define the execution sequence of a plurality of error 
recovery processings, one structure is assigned to the 
table correspondingly to eaeh error recovery process- 
ing, and an address for calling a corresponding error 
processing and moreover and a structure address cor- 
responding to an error recovery processing to t>e es^- 
cuted before and after the present structure are 
included in each structure. By rewriting the address of 
the previous and forward structures by the LRU method 
or the weighting method, it is posslt)le to . change the 
chained relation between structures and more qutcMy 
execute the optimum error processing. 
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Description 

BACKGROUND OF THE INVENTiON 

TECHNICAL FIELD 5 

The present invention relates to the field of pro- 
duced error processing in a magnetic disk drive. More 
particularly, the present invention relates to a method for 
realizing the optimum execution form of an error recov- io 
ery procedure (ERP) and Its system. 

BACKGROUND ART 

A magnetic disk drive is an apparatus for recording 75 
data In accordance with magnetic changes of the sur- 
face of a disk and reading the data. A transducer head 
serving as a converter is positioned at a predetermined 
position of a track with data recorded and reads infor- 
mation recorded in tracks of a disk rotating at a high so 
speed or writes information in the tracks. If any error 
occurs when data is read by the head, it is hitherto 
known that there are various ^rror recovery procedures 
(ERPs) for recovering the error. 

A read en-or occurs in a disk due to scratches, une- 2S 
venness of a magnetic body, or change of the magnetic 
body with time which are not found while the disk is 
manufactured. A general error recovery code ECC is 
used for an error normally caused in a data part and 
error recovery processing. Moreover, when a read gain 30 
or an off-track is changed or an MR (magnetic-resist- 
ance) element is used as a read head, various recovery 
processings are executed includirig the change of a bias 
value of the MR element. When these recovery 
processings are executed and data is reread, the data is 35 
continuously used. However, when an error cannot be 
recovered by a plurality of error recovery processings, 
the error is classified as a hard error. Or. when it is pos- 
sible to rerecord (reassign) data in other area, the data 
is rerecorded in other area by setting the area con- 40 
earned on the disk as an unusafc)le area. 

A magnetic-resistance (MR) conversion head is 
used as one of the existing conversion heads. In the 
case of the magnetic-resistance conversion head, the 
output resistance of the head changes in accordance 4S 
with the change of a magnetic field. The resistance .: 
change is converted to a DC voltage signal by flowing a 
predetermined current to an MR element and data read 
is executed. 

However, the method for reading a resistance so 
change includes a thermal asperity as one of the read 
errors. The thermal asperity is defined as a phenome- 
non in which a protrusion formed on a disk collides with 
a read head to cause a resistance change in an MR ele- 
ment due to a temperature change and thereby, an ss 
abnormal signal is generated. 

The thermal asperity is not found in manufacturing 
a disk but it frequently occurs while a system is oper- 



ated and measures have not conpletely been taken for 
the error in most cases. 

Not only the thermal asperity but also various error 
factors can always be present Therefore, it is requested 
to execute error recovery processing steps for solving 
these various errors. 

In the case of error recovery processing, it is gen- 
eral to change or adjust standard read conditions spec- 
ified between a disk, magnetic head, and HDC (hard 
disk controller) one by one and reread data. Read con- 
ditions include an off-track value which is a deviation of 
the center of a magnetic head from that of a tracK a bias 
current value supplied to an MR element when the mag- 
netic head uses the MR element, and the speed of a 
PLL circuit for stabilizing a signal amplification factor 
and a sanrtpling frequency by means of auto gain coritrol 
(AGC) for making the amplitude of a regenerative signal 
constant (tracking speed is set to a predetermined 
value). 

When an error occurs, these conditions are 
. char^ged, that is. the tracking characteristic is irit6ntk>n- 
ally deteriorated, the amplification factor of the auto gain 
control (AGC) for signal amplification is adjusted, and 
data is sequentially reread. When data read is success- 
fully completed, the error recovery processing termi- 
nates. 

The execution sequence of a lot of processings 
included in the error recovery processing routine is 
fixed. That is. the execution sequence such as firstiy. 
adjustment of AGC. secondly, adjustment of PLL. and 
thirdly, change of bias value of MR head is not changed 
after it is determined vvhen constituting a system. 
Therefore, when a procedure to be actually recovered is 
present at the end of the recovery processing routine, 
unnecessary recovery processing and reread are 
repeatedly executed to cause the error recovery 
processing efficiency to decrease. 

SUMMARY OF THE INVENTION 

It is an object of -the present invention to provide an 
apparatus and a method for more efficiently executing 
the enor recovery processing executed when an error 
occurs in reading signals on a disk. 

It is another object of tiie present invention to pro- 
vide means and a mettiod for changing a plurality of 
error recovery processing steps executed for error 
recovery processing to the optimum sequence. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Rg. 1 is a block diagram of a hard disk drive to 
which the present invention is applied: 

Fig. 2 is an illustration showing a structure recorded 
in a table having the address of an error recovery 
procedure; 



XJID: <EP 0836187A1J_> 



2 



3 



EP 0 836 187 A1 



4 



Fig. 3 Is an illustration showing a chain of structures 
in a table having the address of an error recovery 
procedure; 

Fig. 4 is a block diagram of a system for error recov- 
ery procedures and change of Its execution 
sequence:. 

Fig. 5 is an illustration showing the flow tor execut- 
ing an en'or recovery procedure and rewriting the 
procedure execution sequence in accordance with 
the LRU method: 

Fig. 6 is an illustration showing the flow lor execut- 
ing an error recovery procedure and rewriting the 
procedure execution sequence in accordance with 
the weighting method; 

Fig. 7 is an illustration showing pari 1 of the flow for 
executing an error recovery procedure and rewrit- 
ing the procedure execution sequence in accord- 
ance with the retry success counting method; and 

Fig. 8 is an illustration showing part 2 of the flow for 
executing an error recovery procedure and rewrit- 
ing the procedure execution sequence in accord- 
ance with the retry success counting method. 

BEST MODE FOR CARRYING OUT THE INVENTION 

Fig. 1 is an exarr^e of a hard^disk drive (HDD) to 
which the present invention is applied. As showri in Fig. 
1 . a disk drive 10 cornprises a disk section and a hard 
disk controller (HDC) 30 provided with a local CPU. TTie 
disk section is provided with a disk driye 14 for rotating 
a shaft 12 at a high speed. A cyiindrical support 16 is set 
to the shaft 12 so that the axis of the support 16 coin- 
cides with that of the shaft 12and oneor more infonna- 
tion recording disks 18A and 18B are set on the outer 
periphery of the support 16 at a predeterrnined interval. 

When the shaft 12 is rotated by the disK drive 14, 
the disks 18A and 18B rotate together with the support 
16. 

Signal converters. 20A, 20B, 20C, and 20D are 
arranged so as to face the disks by being supported by 
access arms 22A, 22B, 22C, and 220. The access arms 
22A to 220 are set to a signal converter drive 28 
through a shaft 24 and the signal converters 20A to 200 
are located at predetermined positions of a disk as the 
shaft 24 rotates. Tlie diskdriye 14 and the signal con- 
verter drive 28 are coninected to the HDC 30 and their 
rotational speed and operational speed are controlled. 
The HDC 30 can be connected to a host. 

Data tracks are concentrically formed on a .mag- 
netic disk such as a hard disk or flexible disk. Informa- 
tion is written in or read from a magnetic disk by rotating 
the magnetic disk and moving a magrietic head alrnost 
along the diametric direction of the magnetic disk to 



position it to a specific data track (this is so-called seek- 
. ing). The magnetic diskjs positioned to a specific. data 
track by reading head position identifying information 
previously recorded in the magnetic disk, with a mag- 

5 netichead. 

In this case, one of the information read errors on 
the disk may be caused by missing of information which 
is data. It is known that the missing of information is fre- 
quently caused by a scratch produced in accordance 

10 with elapse of time or a damage due to the change of a 
magnetic body with time. To read information from a 
dlsK standard read conditions are normally determined 
between the disk, a magnetic head, and an HDC (hard 
disk controller). These read conditions include setting 

IS an off-rtracK value, which is a deviation of the center of 
the magnetic head from that of a track to a predeter- 
mined value, setting a bias current supplied to an MR 
elemerrt to a predetermined value when the magnetic 
head uses the MR element, making a signal amplifica- 

20 tion factor variat^le k>y means of auto gain control (AQC) 
in order to keep the amplitude of a regenerative signal 
constant, and making the speed of a PLL circuit for sta- 
bilizing a sampling frequency constant (tracking speed 
is set to a predeterrnined value). 

25 ^Vyhen read is executed in accordance with these 
predetermined read conditions and an enor occurs, 
error recovery is executed by intentionally deteriorating 
the tracking characteristic or maintaining the amplifica- 
tion factor of auto gain control (AGC) for signal amplrfi- 

30 cation and thereby executing reread. 

As described above, the present invention improves 
a hit rate by a faster execution sequence, that is. an 
en-or recovery success rate by rraWng the execution 
sequence of error recovery procedures in an error 

35 recovery routine including a plurality of processings for 
errpr recovery variable, 

To adjust the execution sequence of errpr recovery 
procedures (ERP), the present invention has a table 
with a chained structure. Rg. 2 shows the configuration 

40 of a structure constituting the table. The structure has 
the address of a structure to be executed immediately 
before the present structure (ADDR. OF PREVIOUS 
STRUCTURE), the address of a structure to be exe- 
cuted immediately after the present structure (ADDR. 

45 OF FORWARD STRUCTURE), and the address for call- 
ing an error processing routine to be actually executed 
(ADDR. OF ERP ROUTINE). 

These structures are chained in the table. Fig. 3 
shows tiie chained structures. Each structure cprre- 

50 spends to one error recovery procedure. That is, each 
structure has the address of a corresponding error 
recovery procedure to be executed and the procedure 
of the address owned by the structure is executed. Each 
structure has the addresses of the structures before and 

55 after the present structure. These addresses are 
addresses for chaining a plurality of structures in the 
table, which make it possible to immediately retrieve the 
next structure from the present structure. Each proce- 
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dure is called and executed in accordance with the 
chain and the address of the error recovery procedure 
owned by each structure. Therefore, the execution 
sequence of a plurality of procedures is determined by 
the chained relation between these structures. The $ 
chained relation between a plurality of structures in the 
table is determined by the previous address (ADDR. OF 
PREVIOUS STRUCTURE) and the forward address 
(ADDR. OF FORWARD STRUCTURE) of each struc- 
ture in the table. That is, the chained relation is changed io 
by rewriting the previous and forward addresses and 
thereby, the execution sequence of error recovery pro- 
cedures can be changed. 

Rg. 4 shows a block diagram of a system related to 
error recovery procedures and change of the execution i5 
sequence of the procedures. A host l/F 401 for control- 
ling the communication with a host system receives 
commands from the host system and sends the com- 
mands to a task handler 402. The task handler 402 das- 
sifres the oomrhands into read/write commands and so 
other commarKis in accordance with the type of a com- 
mand and sends the readAivrite commands to a 
read/write command processing system 405 and other 
commands to an other command processing system 
403. 25 

A hardware processing system 404 is a system for 
controlling hardware/ which is provided with a drive con- 
trol routine 411 for controlling a hard disk controller 
(HOC) and a read/write channel and a servo routine 41 2 
for controlling a servo system. 3o 

ReadAwrite of a HDD (hard disk drive) requires the 
following operations: (a) interpreting a command and 
detecting a physical location of data to be read or writ- 
ten, (b) setting an actuator to the physical location 
(seel^, (c) executing read/write of data, arid (d) seeking 35 
the next track when a track ends in the middle of data 
and executing read/write of remaining data: The 
read/write processing system 405 processes com- 
mands sent from- the task handler 402 while judging 
these situations. 40 

A readMrite manager 421 is a routine for judging a 
situation and coritrblling which i^outine should be exe- 
cuted next. A read/write routine 422 is a routine for actu- 
ally executing an execution routine determined by the 
read/write manager 421, which sends an actual opera- 4S 
tion execution request following an execution routine to 
the hardware processing system 404. An actual opera- 
tion is executed in accordance with the operation execu- 
tion request and its result is notified to the read/write 
manager as a status notice. When it Is notified that so 
processing terminates without error, the reiad/write 
manager 421 starts the next operation. When command 
processing is completed in accordance with a series'Of 
the flows, results are notified to the host through the 
host l/F 401. 55 

If an error occurs during a series of these process- 
ings, the read/write riianager 421 urges art ERP routine 
423 to start execution of ERPs (error recovery proce- 



dures). The ERP routine 424 receives a place where an 
error occurs (physical location) from the readAnrrite man- 
ager 421, executes a predetermined error recovery 
processing about the place and restarts the normal 
operatk)n when the error is recovered. 

The ERP routine 423 stores the last retry position 
and the retry count showing the number of retry repeti- 
tions, in which the retry count is increased every retry 
for an en-or at the same position. The ERP routine 423 
has an ERP table and predetermined error recovery 
procedures stored in the table are sequentially exe- 
cuted. Unless an error is recovered by a procedure, the 
retry count is inaemented (increased) by 1 to execute 
the next error recovery procedure in accordance with 
the sequence stored in the tattle. By writing the 
sequence of error recovery procedures recorded in the 
ERP table (by changing the chained relation between 
structures), it is possible to change tiie execution 
sequence of ERPs. 

Rg. 5 shovvs a flow chart of a module for changing 
the execution sequence of ERP routines In accordance 
with the LRU (Least Recently Used) method. In step 
501 , the first structure is called from the table In order to 
start an error recovery procedure. Then, in st^ 502, an 
actual error recovery procedure is called by using the 
address of the error recovery procedure recorded in the 
first-called structure and executed: In step 503. read is 
executed again during the execution of the actual error 
recovery procedure and it is judged wh^er the read is 
successfully completed. In step 504, it is judged 
whether the number of retry repetitions does not exceed 
a preset value. When the number of retry r^etitibns 
does not exceed the preset value, the program 
advances to step 505 to call the next structure, that is. a 
chained structure in accordance witii the next address 
recorded in a structure in order to execute the next enror 
recovery procedure, then returns to step 502 to execute 
the next error recovery procedure ^hd thereafter 
repeats the same^step: TTle pfoprahri repeats a pluMtity 
of error recovery procedures under a predetermined 
chained state by piredetermiried tirties and executes 
retry by predetermined tiriiies. When the' count of the 
nunriber of retry repetitions exceeds a predeterrrined 
value, the prograrh ekits from tfle routine arid the count 
is reported to the system as unrecoverable errors. 

When error recovery is successfully completed 
through a series of tiie isrror recovery procedure, it is 
started to change the chained stiate of the structures in 
the tables in steps 506 arid 507. In step 506. a present 
structure N for which retry is success^lly completed is 
extracted from the chain and the forward address of a 
structure N-1 and the previous address of a structure 
N+1 are rewritten in order to chain'the structijre N-1 pre- 
ceding the extracted structure and the structure N+1 fol- 
lowing tiie extractied structure. Thereby, the structures 
N-1 and N-i-1 are directiy chained. 

Then, in step 507, addi^esses in the structure are 
rewritten so that retry is succ^fully cohripleted and tiie 
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structure N extracted from the chain is located at the 
head of the chain. JTiat is, to make Jhe-stru^^ 
present in front of a structure S which has been located 
at the head of the chain so far. the previous address of 
the structure N is used as a start address and the for- 
ward address of it is used as the address of the struc- 
ture S which has been located at the head of the chain 
so far. Moreover, the previous address of the former 
head structure S is changed from the start address to 
the address of the structure N. 

The error recovery routine terminates after com- 
pleting these processings. In the next error recovery 
procedure after the above rewrite is executed, error 
recovery processings are executed In the sequence fol- 
lowing a new chained relation in which rewrite is > exe- 
cuted. 

A method for executing, the rewrite of an ERR table 
by means of weighting is described below by referring to 
Fig. 6. Steps 601 to 604 are the same as steps 501 to 
504 in Fig. 5. In step 605 next to step 604, retry count 
values are conpared ;With irrtrinsic set values respec- 
tively. An intrinsic value is set to each procedure in the 
ERP procedure and the intrinsic value is compared with 
the actual number of retry repetitions of each proce- 
dure. In this case, when the actual number ol retry rep: 
etitions exceeds an intrinsic value, the execution 
sequence is rewritten in steps 607 and 608. Steps 607 
and 608 are the same as steps 506 and 507 In Fig. 5. 
That is. in the flow in Fig. 6. each error recovery proce- 
dure is weighted and the actual number of retry repeti- 
tions for starting rewrite . differs* deperxfing on the 
weighting. 

Figs. 7 and 8 show flows constituted so as to 
improve the ERP efficiency by recording the number of 
successful retry repetitions for each ERP. rewriting the 
number in a descending sequence, and thereby prefer- 
entially executing an ERP with actual results. Steps 701 
to 705 in Fig. 7 corr^fpond to steps 501 to 505 in Fig. 5. 

When retry is successfully completed fc^ecai^e the 
error is recovered in step, 703, the flow in Fig. 8 is 
started. In step 801, the success count is Incremented 
(increased) by 1. In s;tep 802, a (xevious structure is 
selected as a a}nparispn target structure. In step 8^ 
the success count of the present structure (N) incre- 
mented by 1 in step 801 is compared with the success 
count of the previous structure (N-1) selected as a com- 
parison target structure. VVhen the supers count of the 
present structure is snialler than that of the previous 
structure, that is, in the case of YES, the program 
advances to step 808. In the case of NO |n step 803. 
that is, when the success count value of the present 
structure is larger than the success count of the previ- 
ous structure, it is checked in step 804 if the present tar- 
get structure (X) is a start structure. If No, a structure 
(N-2) before the previous structure is selected as a tar- 
get structure in step 805 and moreover, the success 
count value of the structure {N-2) is compared with the 
success count value of the present structure (N). This 



operation is sequentially repeated until a previous struc- 
ture having a success count value larger than the suc- 
cess count value of the strucfiife (N) is found. When the 
target is the first start structui-e in step 804, the table 

5 using the present structure (N) as a start structure is 
rwrittai in steps 806 and 807. 

When it is judged in step 803 that the success count 
value of the present structure (N) is smaller than the tar- 
get, the program advances to step 808 where it is 

10 judged whether the target is a previous structure. ,When 
the target is the previous structure (N-1), the program 
exits from the flow because it is judged that retry suc- 
cess values are still arranged , in a descending 
sequence. 

15 When it is judged iri step'808 that the target struc- 
ture is a structure before the prevbus structure (Nrl), 
that is, the judgement result in step 808 is No, the table 
is rewritten in steps 809 to 81 1 . In step 809, the present 
structure (N) is extracted from the chain, the previous 

20 structure address pf the fpnivard structure (N+1) is used 
as the address of the previous structure (N-1), and the 
fonAfard structure address of the previous structure (N- 
1) is used as the address of; the forward structure (N+1). 
In step 810, the structure (N) extracted from, the 

25 chain is incorporated into a position next to the target 
structure (X). That is. step 810 is a step for forming a 
structure (new:>C+1). in which the previous structure 
address of the presentvStructure (N) is used as the 
address of the target structure ()Q and the fonvard 

30 structure address of the present structure (N) is used as 
the forward structure address (old: X+l) of the target 
structure (X). 

In step 811, the forward structure address of the 
target structure (X) and the previous structure, address 

35 of the original X+1 structure, that is, the structure 
(old:X+1) is used as the address of the present struc-. 
ture (N) and the structure (N) is incorporated into apposi- 
tion next to the target structure (X). 

The ERP tet)!e Is rewritten by ttie above procedure 

40 and the execution sequence .of error recovery prqcie- 
dures is changed, It: is also possible to rewrite the table 
by simultaneously using the flows following the success 
count values shown in Figs. 7 and 8 and the weighting 
shown in Fig. 6 and thereby cornparing the success 

45 count of each procedure with the intrinsic value set to 
. each procedure. 

INDUSTRIAL APPLICABILITY 

so According to the present invention, a plurality of 
error recovery procedures are rewritten into the opti- 
mum sequence in the error recovery processing in a 
disk drive and unnecessary procedures cari be 
decreased, and the actual enror recovery processing is 

55 improved. 
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Claims 

1 . A signal recording and regenerating apparatus pro- 
vided with a signal recording and regenerating con- 
verter and a signal recording medium, comprising: 

means for sequentially executing a plurality of 
error recovery processings recorded in an error 
recovery processing routine when a signal read 
error occurs; 

means for determining an execution sequence 
of said error recovery processings; and 

meeuis for changing the execution sequence of 
said error recovery processings. 

2. The signal recording and regenerating apparatus 
according to claim 1, wherein, as means for deter- 
mining the execution sequence of said error recov- 
ery processings, 

one structure is assigned correspondingly to 
each error recovery processing, an address for call- 
ing a corresponding en^dr recovery processing, a 
structure address corresponding to an error recov- 
ery processing executed in the previous step, and a 
structure address corresponding to an error recov- 
ery processing to be executed In the fonward step 
are included in each structure, and 

a table is used in which a plurality of ^uc- 
tures corresponding to a plurality of error recovery 
processings are recorded by including said previ- 
ous and fbnward addresses and maintaining the 
chained relation, and wherein, as means for chang- 
ing the execution sequence of said en^or recovery 
processings, 

means for rewriting a structure address cor- 
responding to the error recovery procedure exe- 
cuted in the previous step in each of said'structures 
and a structure address corresponding to an error 
recovery processing to be executed in the forward 
step in each of said structures is iricluded. 

3. The signal recording and regenerating apparatus 
according to claim 1 or 2, wherein said signal 
recording medium is a magnetic disk and an error 
recovery procedure lor errors which occur in 
accordance with elapse of time is included in said 
error recovery processings. 

4. The signal recording and regenerating apparatus 
according to claim 3. wherein a signal regenerating 
converter in said signal recording and regenerating 
converter is a magnetic resistance conversion ele- 
ment (MR element) and a processing for recovering 
a thermal asperity which occurs on a magnetic disk 
in accordance with elapse of time is included in said 
error recovery processings. 



5. An error recovery processing execution sequence 
change method in a signal recording and regener- 
ating apparatus provided with a signal recording 
and regenerating converter, a signal recording 

5 medium, and means for sequentially executing a 
plurality of error recovery processings recorded in 
an error recovery processing routine when a signal 
read error occurs; wherein, as for said signal 
recording and regenerating apparatus, 

10 

one structure is assigned correspondingly to 
each error recovery processing, an address for 
calling a corresponding error recovery process- 
ing, a structure address corresponding to an 
IS error recovery processing executed in the pre- 

vious step, and a structure address corre- 
sponding to an error recovery processing to be 
executed in the fonward step are included in 
' each structure, 

20 

a table is used in which a plurality of structures 
corresponding to a plurality of error recovery 
processings are recorded by including said 
previous and fonvard addresses and thereby 
25 maintaining the chained relation, and 

the chained relation between said structures is 
changed and the error recovery processing 
execution sequence is changed by rewriting a 
30 Structure address corresponding to ah error 

, recovery processing executed in tiie previous 
step and a structure address corresponding to 
an error recovery processing to be executed in 
the forward step in each of said structures. 

35 

6. The error recovery processing execution sequence 
change method in a signal recording and regener- 
ating apparatus according to daim 5. wherein a 
structure address corresfiibhdihg^ td ah i^ror recov- 

40 ery processing executed in the previous step and a 
structure address corresponding to an error recov- 
ery processing to be executed in the forviard step in 
each of said structures are rewritten in accordance 
witii tiie LRU-method. 

45 

7. The error recovery processing execution sequence 
change method in a signal recording and regener- 
ating apparatus according to daim 5, wherein a 
structure address corresponding to an error recov- 

50 ery processing executed in the previous step and a 
structure address corresponding to an error recov- 
ery processing to be executed in the forward step in 
ieach of said structures are rewritten by changing 
the weighting of each structure. 

55 

8. The error recovery processing execution sequence 
change method in a signal recording and regener- 
ating apparatus according to daim 5. wherein a 
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structure address corresponding to an error recov- 
ery processing executed in the previous step and a 
structure address corresponding to an enror recov- 
ery processing to be executed in the forward step in 
each of said structures are rewritten In accordance 5 
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